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SPECIFICATION 

TITLE OF THE INVENTION 
5 POWER SUPPLY APPARATUS AND POWER SUPPLY METHOD 

TECHNICAL FIELD 
[0001] 

The present invention relates to a power supply apparatus 
10 and a power supply method. for supplying power to noncontact 
wireless communication equipment (such as a noncontact IC card, 
RF tag, electronic tag and remote keyless entry) . 

BACKGROUND ART 
15 [0002] 

A conventional power supply apparatus includes an ASK 
modulator for carrying out ASK modulation (pulse modulation with 
a duty ratio of about two) of a radio frequency signal (RF signal) , 
and for outputting a modulation signal that is a pulse signal; 
2 0 an amplifier for amplifying the pulse signal output from the 
ASK modulator; and an antenna for sending out the pulse signal 
amplified by the amplifier to noncontact wireless communication 
equipment . 
[0003] 

2 5 In this case, the ASK modulator maintains the duty ratio 

of the pulse signal, and the amplifier amplifies the pulse signal 
in such a manner that the pulse signal transmitted from the 
antenna has constant average power. 

Thus, the noncontact wireless communication equipment, 

3 0 receiving the pulse signal transmitted from the power supply 



2 

apparatus, charges an internal capacitor with the pulse signal 
(see non-patent document 1, for example) . 
[0004] 

Non-patent document 1: Mituo Usami, "An Ultra Small RFID 
5 Chip: jjl -chip", MWE2003 Microwave Workshop Digest, pp. 235-238, 
Published by Central Research Laboratory Hitachi, Ltd., 2003. 
[0005] 

With the foregoing configuration, the conventional power 
supply apparatus can charge the capacitor of the noncontact 

1 0 wireless communication equipment by transmitting the pulse signal 

as long as the distance to the noncontact wireless communication 
equipment is short enough such as several tens of centimeters. 
However, the average power or instantaneous power of the pulse 
signal transmitted from the antenna is not increased even if 
15 the distance to the noncontact wireless communication equipment 
lengthens. Thus, when the distance to the noncontact wireless 
communication equipment elongates, the conventional power supply 
apparatus has a problem of being unable to charge the capacitor 
of the noncontact wireless communication equipment even if the 

2 0 pulse signal is transmitted. 

[0006] 

The present invention is implemented to solve the foregoing 
problem. Therefore it is an object of the present invention to 
provide a power supply apparatus capable of charging the capacitor 
2 5 of the noncontact wireless communication equipment even if the 
distance to the noncontact wireless communication equipment is 
long. 

DISCLOSURE OF THE INVENTION 
30 [0007] 
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The power supply apparatus in accordance with the present 
invention has an amplifying means amplify a radio frequency 
signal or pulse signal in such a manner that the peak power of 
the radio frequency signal becomes greater than the peak power 
5 of the pulse signal. 
[0008] 

This offers an advantage of being able to charge the 
capacitor of the noncontact wireless communication equipment 
even if the distance to the noncontact wireless communication 
10 equipment is long. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

FIG. 1 is a block diagram showing a configuration of a power 
15 supply apparatus of an embodiment 1 in accordance with the 
present invention; 

FIG. 2 is a flowchart illustrating a power supply method 
of the embodiment 1 in accordance with the present invention; 
FIG. 3 is a diagram illustrating the amplitude of an RF 
2 0 signal and pulse signal; 

FIG. 4 is a diagram illustrating the peak power of the RF 
signal and pulse signal; 

FIG. 5 is a diagram illustrating the peak power of the RF 
signal and pulse signal; 
2 5 FIG. 6 is a block diagram showing a configuration of a power 

supply apparatus of an embodiment 2 in accordance with the 
present invention; 

FIG. 7 is a block diagram showing a configuration of a power 
supply apparatus of the embodiment 2 in accordance with the 
30 present invention; 
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FIG. 8 is a block diagram showing a configuration of a power 
supply apparatus of an embodiment 3 in accordance with the 
present invention; 

FIG. 9 is a flowchart illustrating a power supply method 
5 of the embodiment 3 in accordance with the present invention; 

FIG. 10 is a diagram illustrating a waveform of pulse 
signals ; 

FIG. 11 is a block diagram showing a configuration of a 
power supply apparatus of an embodiment 4 in accordance with 
10 the present invention; 

FIG. 12 is a flowchart illustrating a power supply method 
of the embodiment 4 in accordance with the present invention; 

FIG. 13 is a block diagram showing a configuration of a 
power supply apparatus of an embodiment 5 in accordance with 
15 the present invention; 

FIG. 14 is a diagram illustrating a protocol between the 
power supply apparatus and the noncontact wireless communication 
equipment; and 

FIG. 15 is a diagram illustrating changes in charge quantity 
2 0 stored in the capacitor 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0010] 

The best mode for carrying out the invention will now be 
2 5 described with reference to the accompanying drawings to explain 
the present invention in more detail. 
EMBODIMENT 1 

FIG. 1 is a block diagram showing a configuration of a power 
supply apparatus of an embodiment 1 in accordance with the 
30 present invention. In FIG. 1, a power supply apparatus 1 
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transmits an RF signal, that is, a radio frequency signal for 
power supply, or a pulse signal, that is, transmission data, 
to noncontact wireless communication equipment 2 . Receiving the 
RF signal for the power supply transmitted from the power supply 
5 apparatus 1, the noncontact wireless communication equipment 
2 charges an internal capacitor with the RF signal . Subsequently, 
using the charges stored in the capacitor as a power source, 
the noncontact wireless communication equipment 2 performs the 
processing such as demodulating the pulse signal corresponding 
10 to the transmission data transmitted from the power supply 
apparatus 1. 
[0011] 

An RF signal oscillator 11 of the power supply apparatus 
1 oscillates the RF signal, the radio frequency signal. Here, 
15 the RF signal oscillator 11 constitutes a radio frequency signal 
oscillating means. 

A data transmitter 12 outputs the transmission data such 
as a command to be transmitted to the noncontact wireless 
communication equipment 2, and outputs data instructing to 
2 0 supply power. 

In response to the transmission data fed from the data 
transmitter 12, a pulse modulator 13 carries out pulse modulation 
(such as ASK modulation and CW modulation) of the RF signal 
oscillated by the RF signal oscillator 11, and outputs the 

2 5 modulation signal as the pulse signal. 

The data transmitter 12 and pulse modulator 13 constitute 
a modulation means. 
[0012] 

A changeover switch 14 supplies the RF signal oscillated 

3 0 by the RF signal oscillator 11 to the pulse modulator 13 when 
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the data transmitter 12 outputs the transmission data. In 
contrast, the changeover switch 14 supplies the RF signal 
oscillated by the RF signal oscillator 11 to a level adjuster 
15 when the data transmitter 12 outputs the data instructing 
5 to supply power. 

The level adjuster 15 adjusts the peak power of the RF signal 
oscillated by the RF signal oscillator 11, and makes the peak 
power of the RF signal greater than the peak power of the pulse 
signal output from the pulse modulator 13. 
10 [0013] 

A changeover switch 16 supplies the pulse signal output 
from the pulse modulator 13 to an amplifier 17 when the data 
transmitter 12 outputs the transmission data. In contrast, the 
changeover switch 16 supplies the RF signal output from the level 
15 adjuster 15 to the amplifier 17 when the data transmitter 12 
outputs the data instructing to supply power. 

The amplifier 17 amplifies the RF signal or. pulse signal 
output from the changeover switch 16. 

The changeover switches 14 and 16, level adjuster 15 and 
2 0 amplifier 17 constitute an amplifying means. 
[0014] 

An antenna 18 transmits the RF signal or pulse signal 
amplified by the amplifier 17 to the noncontact wireless 
communication equipment 2. The antenna 18 constitutes a 

2 5 transmission means. 

[0015] 

An antenna 21 of the noncontact wireless communication 
equipment 2 receives the RF signal or pulse signal transmitted 
from the power supply apparatus 1. A charging circuit 22 charges 

3 0 the capacitor 23 with the RF signal when the antenna 21 receives 
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the RF signal. 

A demodulation circuit 24, using the charges stored in the 
capacitor 23 of the charging circuit 22 as the power source, 
carries out processing such as demodulating the pulse signal 
5 corresponding to the transmission data transmitted from the 
power supply apparatus 1. 

FIG. 2 is a flowchart illustrating a power supply method 
of the embodiment 1 in accordance with the present invention. 
[0016] 

10 Next, the operation will be described. 

The noncontact wireless communication equipment 2, which 
is not loaded with a power source such as a battery, cannot be 
started unless it is supplied with power from outside. 

Thus, before transmitting the data such as a command, the 
15 power supply apparatus 1 supplies power to the noncontact 
wireless communication equipment 2 in a noncontact manner. 
[0017] 

First, before outputting the transmission data such as a 
command, the data transmitter 12 of the power supply apparatus 
2 0 1 supplies the data instructing to supply power to the pulse 
modulator 13 (step ST1) . 

Here, it does not matter what the data content is of the 
data instructing to supply power, as long as the data can be 
clearly distinguished from the transmission data transmitted 
2 5 to the noncontact wireless communication equipment 2. 
[0018] 

Receiving the data instructing to supply power from the 
data transmitter 12 (step ST2) , the changeover switch 14 of the 
power supply apparatus 1 supplies the RF signal oscillated by 
30 the RF signal oscillator 11 to the level adjuster 15. 



The level adjuster 15 of the power supply apparatus 1, 
receiving the RF signal oscillated by the RF signal oscillator 
11, adjusts the peak power of the RF signal in such a manner 
as to make the peak power of the RF signal greater than the peak 
5 power of the pulse signal output from the pulse modulator 13 
as illustrated in FIG. 3 and FIG. 4 (step ST3) . 
[0019] 

More specifically, it adjusts the peak power of the RF 
signal oscillated by the RF signal oscillator 11 in such a manner 
10 that the peak power of the RF signal for the power supply becomes 
greater than the peak power of the pulse signal for the data 
transmission . 

Here, FIG. 3 is a diagram illustrating the amplitude of 
the RF signal and that of the pulse signal; and FIG. 4 is a diagram 
15 illustrating the peak power of the RF signal and that of the 
pulse signal. 
[0020] 

Receiving the data instructing to supply power from the 
data transmitter 12, the changeover switch 16 of the power supply 
2 0 apparatus 1 supplies the RF signal output from the level adjuster 
15 to the amplifier 17. 

Receiving the RF signal from the changeover switch 16, the 
amplifier 17 of the power supply apparatus 1 amplifies the RF 
signal (step ST4) . 

2 5 Receiving the amplified RF signal from the amplifier 17, 

the antenna 18 of the power supply apparatus 1 radiates the RF 
signal into the air, thereby transmitting the RF signal to the 
noncontact wireless communication equipment 2 (step ST5) . 
[0021] 

3 0 The antenna 21 of the noncontact wireless communication 
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equipment 2 receives the RF signal transmitted from the power 
supply apparatus 1 . 

When the antenna 21 receives the RF signal, the charging 
circuit 22 of the noncontact wireless communication equipment 
5 2 charges the capacitor 23 with the RF signal. 
[0022] 

After the RF signal is transmitted from the antenna 18 as 
described above, the data transmitter 12 of the power supply 
apparatus 1 supplies the transmission data such as a command 
10 to the pulse modulator 13 (step ST1). 

Receiving the transmission data from the data transmitter 
12 (step ST2), the changeover switch 14 of the power supply 
apparatus 1 supplies the RF signal oscillated by the RF signal 
oscillator 11 to the pulse modulator 13. 
15 [0023] 

Receiving the transmission data from the data transmitter 
12 and the RF signal oscillated by the RF signal oscillator 11, 
the pulse modulator 13 of the power supply apparatus 1 carries 
out the pulse modulation (ASK modulation, for example) of the 
2 0 RF signal in response to the transmission data, and supplies 
the pulse signal to the changeover switch 16 (step ST6) . 
[0024] 

Receiving the transmission data from the data transmitter 
12, the changeover switch 16 of the power supply apparatus 1 

2 5 supplies the pulse signal output from the pulse modulator 13 

to the amplifier 17. 

Receiving the pulse signal from the changeover switch 16, 
the amplifier 17 of the power supply apparatus 1 amplifies the 
pulse signal (step ST7). 

3 0 Receiving the amplified pulse signal from the amplifier 



17, the antenna 18 of the power supply apparatus 1 radiates the 
pulse signal into the air, thereby transmitting the pulse signal 
to the noncontact wireless communication equipment 2 (step ST5) . 
[0025] 

5 The antenna 21 of the noncontact wireless communication 

equipment 2 receives the pulse signal transmitted from the power 
supply apparatus 1. 

The demodulation circuit 24 of the noncontact wireless 
communication equipment 2 carries out the processing such as 
10 demodulating the pulse signal received by the antenna 21 by using 
the charges stored in the capacitor 23 of the charging circuit 
22 as the power source. 
[0026] 

As is clearly described above, according to the present 
15 embodiment 1, it amplifies the RF signal for the power supply 
or the pulse signal for the data transmission in such a manner 
as to make the peak power of the RF signal greater than the peak 
power of the pulse signal. Accordingly, the present embodiment 

1 offers an advantage of being able to charge the capacitor 23 
2 0 of the noncontact wireless communication equipment 2 by 

transmitting the RF signal with the higher peak power even if 
the distance to the noncontact wireless communication equipment 

2 is long. 
[0027] 

2 5 Although the present embodiment 1 is described by way of 

example in which the RF signal oscillator 11 oscillates the RF 
signal, this is not essential. For example, it can oscillate 
an unmodulated CW (continuous wave) . 

When the RF signal oscillator 11 oscillates the unmodulated 

3 0 CW, it occupies a frequency bandwidth narrower than the RF signal . 
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Accordingly, it offers an advantage of being able to suppress 
the signal interference to other equipment even if the peak power 
of the CW is increased. 
[0028] 

5 In addition, although the present embodiment 1 is described 

by way of example in which the peak power of the RF signal is 
fixed during the power supply, it is not necessary that the peak 
power of the RF signal is constant. For example, as illustrated 
in FIG. 5, the RF signal can have a slope in the power level 
10 at a rising or falling edge. 

[0029] 

EMBODIMENT 2 

FIG. 6 is a block diagram showing a configuration of the 
15 power supply apparatus of an embodiment 2 in accordance with 
the present invention. In FIG. 6, since the same reference 
numerals designate the same or like portions to those of FIG. 
1, their description will be omitted here. 

An amplifier 17a amplifies the RF signal or pulse signal 
2 0 output from the changeover switch 16. An amplifier 17b further 
amplifies the RF signal amplified by the amplifier 17a. 
[0030] 

A changeover switch 19 supplies the pulse signal amplified 
by the amplifier 17a to a changeover switch 20 when the data 

2 5 transmitter 12 outputs the transmission data. In contrast, the 

changeover switch 19 supplies the RF signal amplified by the 
amplifier 17a to the amplifier 17b when the data transmitter 
12 outputs the data instructing to supply power. 

The changeover switch 20 supplies the pulse signal output 

3 0 from the changeover switch 19 to the antenna 18 when the data 
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transmitter 12 outputs the transmission data. In contrast, the 
changeover switch 20 supplies the RF signal amplified by the 
amplifier 17b to the antenna 18 when the data transmitter 12 
outputs the data instructing to supply power. 
5 The changeover switches 14, 16, 19 and 20 and the amplifiers 

17a and 17b constitute an amplifying means. 
[0031] 

Although the foregoing embodiment 1 is described by way 
of example in which the level adjuster 15 amplifies the RF signal 

10 in such a manner that the peak power of the RF signal becomes 
greater than the peak power of the pulse signal, this is not 
essential. For example, a configuration is also possible in 
which as for the RF signal for the power supply, both the 
amplifier 17a and amplifier 17b amplify it, and as for the pulse 

15 signal for the data transmission, only the amplifier 17a 

amplifies the pulse signal, thereby making the peak power of 
the RF signal greater than the peak power of the pulse signal. 
[0032] 

Thus, when the data transmitter 12 outputs the data 
2 0 instructing to supply power, the RF signal oscillator 11 is 
connected to the changeover switch 16 via the changeover switch 
14, and the amplifier 17a is connected to the changeover switch 
14 via the changeover switch 16. 

In addition, the amplifier 17a is connected to the amplifier 
2 5 17b via the changeover switch 19, and the antenna 18 is connected 
to the amplifier 17b via the changeover switch 20. 
[0033] 

Accordingly, when the data transmitter 12 outputs the data 
instructing to supply power, the RF signal oscillated by the 
30 RF signal oscillator 11 is input to the amplifier 17a, amplified 
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through the amplifiers 17a and 17b, and supplied to the antenna 
18. 
[0034] 

On the other hand, when the data transmitter 12 outputs 
5 the transmission data, the RF signal oscillator 11 is connected 
to the pulse modulator 13 via the changeover switch 14, and the 
amplifier 17a is connected to the pulse modulator 13 via the 
changeover switch 16. 

In addition, the amplifier 17a is connected to the 
10 changeover switch 20 via the changeover switch 19, and the 
antenna 18 is connected to the changeover switch 19 via the 
changeover switch 20. 
[0035] 

Accordingly, when the data transmitter 12 outputs the 
15 transmission data, the RF signal oscillated by the RF signal 
oscillator 11 is input to the pulse modulator 13, modulated by 
the pulse modulator 13 in response to the transmission data, 
and amplified by the amplifier 17a. The pulse signal is supplied 
to the antenna 18. 
20 [0036] 

In the present embodiment 2 also, the peak power of the 
RF signal is greater than the peak power of the pulse signal. 
Accordingly, as the foregoing embodiment 1, the present 
embodiment 2 offers an advantage of being able to charge the 

2 5 capacitor 23 of the noncontact wireless communication equipment 

2 by transmitting the RF signal with the higher peak power even 
if the distance to the noncontact wireless communication 
equipment 2 is long. 
[0037] 

3 0 Although the present embodiment 2 is described by way of 
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example in which the RF signal oscillator 11 oscillates the RF 
signal, it can oscillate a CW, a unmodulated continuous wave. 

When the RF signal oscillator 11 oscillates the unmodulated 
CW, it occupies a frequency bandwidth narrower than the RF signal. 
5 Accordingly, it offers an advantage of being able to suppress 
the signal interference to other equipment even though the peak 
power of the CW is increased. 
[00381 

Although the present embodiment 2 is described by way of 
10 example that switches the signal route using the two amplifiers 
17a and 17b and four changeover switches 14, 16, 19 and 20, this 
is not essential. For example, as shown in FIG. 7, it is possible 
to switch the signal route using three amplifiers 17a and 17b, 
and two changeover switches 14 and 16, offering the same 
15 advantage. 

[0039] 

EMBODIMENT 3 

FIG. 8 is a block diagram showing a configuration of a power 
2 0 supply apparatus of an. embodiment 3 in accordance with the 

present invention. In FIG. 8, since the same reference numerals 
designate the same or like portions to those of FIG. 1, their 
description will be omitted here. 

A pulse modulator 31 carries out, in response to the data 

2 5 output from the data transmitter 12, the pulse modulation (such 

as ASK modulation and CW modulation) of the RF signal oscillated 
by the RF signal oscillator 11, and outputs the modulation signal 
which is a pulse signal. When the data output from the data 
transmitter 12 is transmission data such as a command, the pulse 

3 0 modulator 31 carries out the pulse modulation in such a manner 



that the duty ratio of the pulse signal agrees with the first 
duty ratio (duty ratio = 2) . In contrast, when the data output 
from the data transmitter 12 is fixed data for the power supply, 
the pulse modulator 31 carries out the pulse modulation in such 
5 a manner that the duty ratio of the pulse signal agrees with 
a second duty ratio (second duty ratio > first duty ratio) . The 
RF signal oscillator 11, data transmitter 12 and pulse modulator 
31 constitute a modulation means. 
[0040] 

10 When the data output from the data transmitter 12 is the 

transmission data such as a command, the amplifier 32 amplifies 
the pulse signal output from the pulse modulator 31 at a first 
amplification factor. On the other hand, when the data output 
from the data transmitter 12 is the fixed data for the power 

15 supply, the amplifier 32 amplifies the pulse signal output from 
the pulse modulator 31 at a second amplification factor (second 
amplification factor > first amplification factor) , thereby 
increasing the peak power of the pulse signal. When the pulse 
signal is amplified at the second amplification factor, since 

2 0 it is subjected to the pulse modulation in such a manner that 
the duty ratio of the pulse signal agrees with the second duty 
ratio, the average power of the pulse signal is the same as in 
the case where the pulse signal is amplified at the first 
amplification factor. The amplifier 32 constitutes an 

2 5 amplifying means. 

FIG. 9 is a flowchart illustrating a power supply method 
of the embodiment 3 in accordance with the present invention. 
[0041] 

Next, the operation will be described. 

3 0 The noncontact wireless communication equipment 2, which 
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is not loaded with a power source such as a battery, cannot be 
started unless it is supplied with power from outside. 

Thus, before transmitting the data such as a command, the 
power supply apparatus 1 supplies power to the noncontact 
5 wireless communication equipment 2 in a noncontact manner. 
[0042] 

First, before outputting the transmission data such as a 
command, the data transmitter 12 of the power supply apparatus 
1 supplies the fixed data for the power supply to the pulse 
10 modulator 31 (step ST11). 

Here, since the fixed data for the power supply is not any 
expressive data such as a control command for transferring 
information, it does not matter what the data content is. 
However, it is desirable that the fixed data can be clearly 
15 distinguished from the transmission data such as a command. 
[0043] 

Receiving the data from the data transmitter 12, the pulse 
modulator 31 of the power supply apparatus 1 checks whether the 
data is the fixed data for the power supply or the transmission 
20 data such as a command (step ST12) . 

When the pulse modulator 31 recognizes that the data output 
from the data transmitter 12 is the fixed data for the power 
supply, it carries out the pulse modulation (such as ASK 
modulation) of the RF signal oscillated by the RF signal 

2 5 oscillator 11 in response to the fixed data for the power supply, 

and supplies the pulse signal to the amplifier 32. 
[0044] 

In this case, the pulse modulator 31 carries out the pulse 
modulation in such a manner that the duty ratio of the pulse 

3 0 signal becomes the second duty ratio because the data output 



17 

from the data transmitter 12 is the fixed data for the power 
supply (step ST13) . 

Since the second duty ratio is greater than the first duty 
ratio for the transmission data such as a command, the ON duration 
5 of the pulse signal output from the pulse modulator 31 is much 
shorter than the OFF duration as shown in FIG. 10 (in contrast, 
the ON duration of the pulse signal, the transmission data such 
as a command, is nearly equal to that of the OFF duration) . 
[0045] 

10 Receiving the pulse signal from the pulse modulator 31, 

the amplifier 32 of the power supply apparatus 1 checks whether 
the data output from the data transmitter 12 is the fixed data 
for the power supply or the transmission data such as a command. 
When the amplifier 32 recognizes that the data output from 
15 the data transmitter 12 is the fixed data for the power supply, 
it amplifies the pulse signal output from the pulse modulator 
31 at the second amplification factor (step ST14). 
[0046] 

Since the second amplification factor is higher than the 
2 0 first amplification factor for the transmission data such as 
a command, the peak power of the pulse signal output from the 
amplifier 32 becomes much greater as shown in FIG. 10. 

However, since the ON duration of the pulse signal is much 
shorter than the OFF duration, the average power of the amplified 

2 5 pulse signal agrees with the average power when the pulse signal 

corresponding to the transmission data such as a command is 
amplified. 
[0047] 

Receiving the amplified pulse signal from the amplifier 

3 0 32, the antenna 18 of the power supply apparatus 1 radiates the 
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pulse signal into the air, thereby transmitting the pulse signal 
to the noncontact wireless communication equipment 2 (step 
ST15) . 
[0048] 

The antenna 21 of the noncontact wireless communication 
equipment 2 receives the pulse signal transmitted from the power 
supply apparatus 1. 

When the antenna 21 receives the pulse signal, the charging 
circuit 22 of the noncontact wireless communication equipment 
2 charges the capacitor 23 with the pulse signal. 
[0049] 

After transmitting the pulse signal from the antenna 18, 
the data transmitter 12 of the power supply apparatus 1 supplies 
the transmission data such as a command to the pulse modulator 
31 (step ST11) . 

Receiving the data from the data transmitter 12, the pulse 
modulator 31 of the power supply apparatus 1 checks whether the 
data is the fixed data for the power supply or the transmission 
data such as a command (step ST12). 
[0050] 

When the pulse modulator 31 recognizes that the data output 
from the data transmitter 12 is the transmission data such as 
a command, it carries out, in response to the transmission data 
such as a command, the pulse modulation (such as CW modulation) 
of the RF signal oscillated by the RF signal oscillator 11, and 
supplies the pulse signal to the amplifier 32. 

In this case, since the data output from the data 
transmitter 12 is the transmission data such as a command, the 
pulse modulator 31 carries out the pulse modulation in such a 
manner that the duty ratio of the pulse signal becomes the first 



19 



duty ratio (step ST16) . 
[0051] 

The first duty ratio is smaller than the second duty ratio 
for the fixed data for the power supply, and the ON duration 
of the pulse signal output from the pulse modulator 31 nearly 
agrees with the OFF duration (in contrast, the ON duration of 
the pulse signal for the power supply is much shorter than the 
OFF duration) as shown in FIG. 10. 
[0052] 

Receiving the pulse signal from the pulse modulator 31, 
the amplifier 32 of the power supply apparatus 1 checks whether 
the data output from the data transmitter 12 is the fixed data 
for the power supply or the transmission data such as a command. 

When the amplifier 32 recognizes that the data output from 
the data transmitter 12 is the transmission data such as a command, 
it amplifies the pulse signal output from the pulse modulator 
31 at the first amplification factor (step ST17) . 
[0053] 

Since the first amplification factor is smaller than the 
second amplification factor for the fixed data for the power 
supply, the peak power of the pulse signal output from the 
amplifier 32 is smaller as shown in FIG. 10. 

However, since the ON duration of the pulse signal is nearly 
agrees with the OFF duration, the average power of the amplified 
pulse signal agrees with the average power when the pulse signal 
corresponding to the fixed data for the power supply is 
amplified . 
[0054] 

Receiving the amplified pulse signal from the amplifier 
32, the antenna 18 of the power supply apparatus 1 radiates the 
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pulse signal into the air, thereby transmitting the pulse signal 
to the noncontact wireless communication equipment 2 (step 
ST15) . 
[0055] 

The antenna 21 of the noncontact wireless communication 
equipment 2 receives the pulse signal transmitted from the power 
supply apparatus 1. 

The demodulation circuit 24 of the noncontact wireless 
communication equipment 2 carries out processing such as 
demodulating the pulse signal received by the antenna 21 using 
the charges stored in the capacitor 23 of the charging circuit 
22 as the power source. 
[0056] 

As is clearly described above, the present embodiment 3 
is configured in such a manner that when transmitting the pulse 
signal for the power supply, the pulse modulator 31 makes the 
duty ratio of the pulse signal greater than that when 
transmitting the pulse signal corresponding to the transmission 
data, and the amplifier 32 increases the amplification factor 
of the pulse signal to increase the peak power of the pulse signal . 
As a result, the present embodiment 3 offers an advantage of 
being able to charge the capacitor 23 of the noncontact wireless 
communication equipment 2 by transmitting the pulse signal with 
the larger peak power even if the distance to the noncontact 
wireless communication equipment 2 is long. 
[0057] 

Although the present embodiment 3 is described by way of 
example in which the pulse modulator 31 and amplifier 32, 
receiving the data from the data transmitter 12, check whether 
the data is the fixed data for the power supply or the 
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transmission data such as a command, this is not essential. For 
example, such a configuration is also possible in which the data 
transmitter 12 supplies the pulse modulator 31 and amplifier 
32 with a control signal indicating whether the data is the fixed 
data for the power supply or the transmission data such as a 
command so that the pulse modulator 31 selects the first or second 
duty ratio in response to the control signal, and the amplifier 
32 selects- the first or second amplification factor in response 
to the control signal. 

[0058] 

EMBODIMENT 4 

FIG. 11 is a block diagram showing a configuration of a 
power supply apparatus of an embodiment 4 in accordance with 
the present invention. In FIG. 11, since the same reference 
numerals designate the same or like portions to those of FIG. 
8, their description will be omitted here. 

An amplifier 41 constitutes a first amplifying means for 
amplifying the pulse signal output from the pulse modulator 31. 
An amplifier 42 constitutes a second amplifying means for 
amplifying the pulse signal amplified by the amplifier 41. 
[0059] 

A changeover switch 43 connects the amplifier 41 to the 
amplifier 4 2 when the data output from the data transmitter 12 
is the fixed data for the power supply, and the amplifier 41 
to the changeover switch 4 4 when the data output from the data 
transmitter 12 is the transmission data such as a command. 

The changeover switch 44 connects the amplifier 42 to the 
antenna 18 when the data output from the data transmitter 12 
is the fixed data for the power supply, and connects the 
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changeover switch 43 to the antenna 18 when the data output from 
the data transmitter 12 is the transmission data such as a command. 
The antenna 18 and changeover switches 43 and 44 constitute a 
transmission means . 

FIG. 12 is a flowchart illustrating a power supply method 
of the embodiment 4 in accordance with the present invention. 
[0060] 

Next, the operation will be described. 

First, as in the foregoing embodiment 3, before sending 
the transmission data such as a command, the data transmitter 
12 of the power supply apparatus 1 supplies the fixed data for 
the power supply to the pulse modulator 31 (step ST21) . 
[0061] 

Receiving the data from the data transmitter 12, the pulse 
modulator 31 of the power supply apparatus 1 checks whether the 
data is the fixed data for the power supply or the transmission 
data such as a command (step ST22) . 

When the pulse modulator 31 recognizes that the data output 
from the data transmitter 12 is the fixed data for the power 
supply, it carries out, in response to the fixed data for the 
power supply, the pulse modulation (such as ASK modulation) of 
the RF signal oscillated by the RF signal oscillator 11, and 
supplies the pulse signal to the amplifier 41. 
[0062] 

In this case, the pulse modulator 31 carries out the pulse 
modulation in such a manner that the duty ratio of the pulse 
signal becomes the second duty ratio because the data output 
from the data transmitter 12 is the fixed data for the power 
supply (step ST23) . 

Since the second duty ratio is greater than the first duty 
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ratio for the transmission data such as a command, the ON duration 
of the pulse signal output from the pulse modulator 31 is much 
shorter than the OFF duration as shown in FIG. 10 (in contrast, 
the ON duration of the pulse signal, the transmission data such 
as a command, is nearly equal to that of the OFF duration) . 
[0063] 

Receiving the pulse signal from the pulse modulator 31, 
the amplifier 41 of the power supply apparatus 1 amplifies the 
pulse signal at a prescribed amplification factor. 

Receiving the data from the data transmitter 12, the 
changeover switches 43 and 44 of the power supply apparatus 1 
check whether the data is the fixed data for the power supply 
or the transmission data such as a command. 
[0064] 

When the changeover switch 43 recognizes that the data 
output from the data transmitter 12 is the fixed data for the 
power supply, it connects the amplifier 41 to the amplifier 42. 

In addition, when the changeover switch 44 recognizes that 
the data output from the data transmitter 12 is the fixed data 
for the power supply, it connects the amplifier 42 to the antenna 
18. 
[0065] 

Thus, the pulse signal amplified by the amplifier 41 is 
supplied to the amplifier 42 to be amplified by the amplifier 
42, and the pulse signal amplified by the amplifier 42 is fed 
to the antenna 18 (step ST24). 

Receiving the pulse signal from the amplifier 42 via the 
changeover switch 44, the antenna 18 of the power supply 
apparatus 1 radiates the pulse signal into the air, thereby 
transmitting the pulse signal to the noncontact wireless 
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communication equipment 2 (step ST25) . 
[0066] 

The antenna 21 of the noncontact wireless communication 
equipment 2 receives the pulse signal transmitted from the power 
supply apparatus 1. 

When the antenna 21 receives the pulse signal, the charging 
circuit 22 of the noncontact wireless communication equipment 
2 charges the capacitor 23 with the pulse signal. 
[0067] 

After transmitting the pulse signal from the antenna 18, 
the data transmitter 12 of the power supply apparatus 1 supplies 
the transmission data such as a command to the pulse modulator 
31 in the same manner as the foregoing embodiment 3 (step ST21) . 

Receiving the data from the data transmitter 12, the pulse 
modulator 31 of the power supply apparatus 1 checks whether the 
data is the fixed data for the power supply or the transmission 
data such as a command in the same manner as the foregoing 
embodiment 3 (step ST22) . 
[0068] 

When the pulse modulator 31 recognizes that the data output 
from the data transmitter 12 is the transmission data such as 
a command, it carries out, in response to the transmission data 
such as a command, the pulse modulation (such as CW modulation) 
of the RF signal oscillated by the RF signal oscillator 11, and 
supplies the pulse signal to the amplifier 41 (step ST26) . 
[0069] 

In this case, since the data output from the data 
transmitter 12 is the transmission data such as a command, the 
pulse modulator 31 carries out the pulse modulation in such a 
manner that the duty ratio of the pulse signal becomes the first 
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duty ratio. 

The first duty ratio is smaller than the second duty ratio 
for the fixed data for the power supply, and the ON duration 
of the pulse signal output from the pulse modulator 31 nearly 
agrees with the OFF duration (in contrast, the ON duration of 
the pulse signal for the power supply is much shorter than the 
OFF duration) as shown in FIG. 10. 
[0070] 

Receiving the pulse signal from the pulse modulator 31, 
the amplifier 41 of the power supply apparatus 1 amplifies the 
pulse signal at the prescribed amplification factor. 

Receiving the pulse signal from the data transmitter 12, 
the changeover switches 4 3 and 44 of the power supply apparatus 
1 check whether the data is the fixed data for the power supply 
or the transmission data such as a command. 

When the changeover switch 43 recognizes that the data 
output from the data transmitter 12 is the transmission data 
such as a command, it connects the amplifier 41 to the changeover 
switch 44. 

In addition, when the changeover switch 44 recognizes that 
the data output from the data transmitter 12 is the transmission 
data such as a command, it connects the changeover switch 43 
to the antenna 18. 
[0071] 

Thus, the pulse signal amplified by the amplifier 41 is 
supplied to the antenna 18 without being supplied to the 
amplifier 42 (step ST27). 

Receiving the pulse signal from the amplifier 41 via the 
changeover switches 43 and 44, the antenna 18 of the power supply 
apparatus 1 radiates the pulse signal into the air, thereby 
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transmitting the pulse signal to the noncontact wireless 
communication equipment 2 (step ST25) . 
[0072] 

The antenna 21 of the noncontact wireless communication 
equipment 2 receives the pulse signal transmitted from the power 
supply apparatus 1. 

The demodulation circuit 24 of the noncontact wireless 
communication equipment 2 carries out processing such as 
demodulating the pulse signal received by the antenna 21 using 
the charges stored in the capacitor 23 of the charging circuit 
22 as the power source. 
[0073] 

As is clearly described above, the present embodiment 4 
is configured in such a manner that when transmitting the pulse 
signal for the power supply, the pulse modulator 31 makes the 
duty ratio of the pulse signal for the power supply greater than 
that when transmitting the pulse signal corresponding to the 
transmission data, and the amplifiers 41 and 42 amplify the pulse 
signal for the power supply to increase the peak power of the 
pulse signal. As a result, the present embodiment 4 offers an 
advantage of being able to charge the capacitor 23 of the 
noncontact wireless communication equipment 2 by transmitting 
the pulse signal with the larger peak power even if the distance 
to the noncontact wireless communication equipment 2 is long. 
[0074] 

Although the present embodiment 4 is described by way of 
example in which the pulse modulator 31 and changeover switches 
43 and 44, receiving the data from the data transmitter 12, check 
whether the data is the fixed data for the power supply or the 
transmission data such as a command, this is not essential. For 
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example, such a configuration is also possible in which the data 
transmitter 12 supplies the pulse modulator 31 and changeover 
switches 43 and 44 with a control signal indicating whether the 
data is the fixed data for the power supply or the transmission 
data such as a command so that the pulse modulator 31 selects 
the first or second duty ratio in response to the control signal, 
and the changeover switches 43 and 44 select the connecting 
destination in response to the control signal. 

[0075] 

EMBODIMENT 5 

FIG. 13 is a block diagram showing a configuration of a 
power supply apparatus of an embodiment 5 in accordance with 
the present invention. In FIG. 13, since the same reference 
numerals designate the same or like portions to those of FIG. 
11, their description will be omitted here. 

A circulator 45 supplies the pulse signal output from the 
amplifier 41 or amplifier 42 to the antenna 18, and the pulse 
signal received by the antenna 18 to an amplifier 47. 

In the present embodiment 5, the antenna 18, changeover 
switches 43 and 44 and circulator 45 constitute a transmitting 
and receiving means. 
[0076] 

A switch 4 6 is brought into the OFF state when the circulator 
45 supplies the pulse signal output from the amplifier 41 or 
amplifier 42 to the antenna 18, and is brought into the ON state 
when the circulator 45 supplies the pulse signal received by 
the antenna 18 to the amplifier 47. 

The amplifier 47 amplifies the pulse signal received by 
the antenna 18, and a demodulation circuit 48 carries out such 
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processing as demodulating the pulse signal amplified by the 
amplifier 47. The amplifier 4 7 and demodulation circuit 48 
constitute a demodulation means. 
[0077] 

Although the foregoing embodiment 4 is described by way 
of example in which the power supply apparatus 1 transmits the 
pulse signal to the noncontact wireless communication equipment 
2, this is not essential. For example, a configuration is also 
possible in which the power supply apparatus 1 receives the pulse 
signal transmitted from the noncontact wireless communication 
equipment 2, and carries out such processing as demodulating 
the pulse signal. 
[0078] 

More specifically, when the power supply apparatus 1 
transmits the pulse signal to the noncontact wireless 
communication equipment 2, the circulator 45 of the power supply 
apparatus 1 supplies the pulse signal output from the amplifier 
41 or amplifier 42 to the antenna 18, thereby transmitting the 
pulse signal to the noncontact wireless communication equipment 
2. 

In this case, the switch 46 is brought into the OFF state 
to prevent the malfunctioning that a part of the pulse signal 
output from the amplifier 41 or amplifier 42 passes through the 
circulator 45 and reaches the demodulation circuit 48 side. 
[0079] 

On the other hand, when the power supply apparatus 1 
receives the pulse signal transmitted from the noncontact 
wireless communication equipment 2, the circulator 45 of the 
power supply apparatus 1 supplies the pulse signal received by 
the antenna 18 to the amplifier 47. 
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In this case, the switch 46 is brought into the ON state 
to supply the pulse signal received by the antenna 18 to the 
amplifier 47 . 

Thus, the switch 4 6 changes the ON/OFF. state in response 
to the presence and absence of the output of the data from the 
data transmitter 12. 
[0080] 

As in the foregoing embodiment 4, the present embodiment 
5 can charge the capacitor 23 of the noncontact wireless 
communication equipment 2 by transmitting the pulse signal with 
the larger peak power even if the distance to the noncontact 
wireless communication equipment 2 is long. In addition, the 
present embodiment 5 offers an advantage of being able to receive 
the pulse signal transmitted from the noncontact wireless 
communication equipment 2, and to carry out such processing as 
demodulating the pulse signal. 

[0081] 

EMBODIMENT 6 

Although the foregoing embodiments 3-5 are described by 
way of example in which the pulse modulator 31 carries out the 
pulse modulation of the RF signal and outputs the modulation 
signal which is the pulse signal, the modulation method of the 
RF signal is not limited to the pulse modulation. For example, 
the RF signal can be modulated using a digital modulation method 
(such as QAM, OFDM and QPSK) that generates a modulation signal 
whose envelope varies. It also offers the advantages as those 
of the foregoing embodiments 3-5. 
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EMBODIMENT 7 

The foregoing embodiments 3-6 are described by way of 
example in which the pulse signal corresponding to the 
transmission data is transmitted to the noncontact wireless 
communication equipment 2 after the power supply apparatus 1 
transmits the pulse signal for the power supply to the noncontact 
wireless communication equipment 2. In this case, even if the 
capacitor 23 of the charging circuit 22 in the noncontact 
wireless communication equipment 2 stores the charges using the 
pulse signal for the power supply, the charges stored in the 
capacitor 23 gradually decrease when the demodulation circuit 
24 of the noncontact wireless communication equipment 2 uses 
the charges stored in the capacitor 23 as the power source. Thus, 
it becomes necessary to recharge the capacitor 23 with the pulse 
signal for the power supply. 
[0083] 

For example, a method is conceivable in which the power 
supply apparatus 1 transmits the pulse signal for the power 
supply to the noncontact wireless communication equipment 2 when 
the charges stored in the capacitor 23 are consumed. In this 
case, however, the time required for charging the capacitor 23 
becomes long because the capacitor 23 must be charged from zero 
to full charge. Thus a malfunctioning occurs that the 
interrupted duration becomes long of the data transmission and 
reception between the power supply apparatus 1 and noncontact 
wireless communication equipment 2. 
[0084] 

In view of this, as shown in FIG. 14, according to the 
present embodiment 7, the power supply apparatus 1 transmits 
the pulse signal for the power supply repeatedly to the 
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noncontact wireless communication equipment 2 at every 
predetermined interval (400 us, for example) while the power 
supply apparatus 1 transmits the pulse signal corresponding to 
the transmission data such as a command to the noncontact 
wireless communication equipment 2, and receives the pulse 
signal transmitted from the noncontact wireless communication 
equipment 2 after the power supply apparatus 1 transmits the 
pulse signal for the power supply to the noncontact wireless 
communication equipment 2 and the capacitor 23 completes its 
initial charging. 
[0085] 

This makes it possible to recharge the capacitor 23 before 
the charges stored in the capacitor 23 of the noncontact wireless 
communication equipment 2 are consumed. As a result, the 
charging time of the capacitor 23 is reduced as shown in FIG. 
15, and the interrupted duration of the data transmission and 
reception between the power supply apparatus 1 and the noncontact 
wireless communication equipment 2 is shortened. 

INDUSTRIAL APPLICABILITY 
[0086] 

As described above, the power supply apparatus and power 
supply method in accordance with the present invention are 
suitable for noncontact wireless communication equipment that 
is not loaded with a power source such as a battery and hence 
cannot be started unless it is supplied with power from outside. 



